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Improvement of short-term memory performance in aged beagles by a
nutraceutical supplement containing phosphatidylserine, Ginkgo biloba,
vitamin E, and pyridoxine

Joseph A. Araujo, Gary M. Landsberg, Norton W. Milgram, Alda Miolo

Abstract — Aged dogs demonstrate cognitive decline that is linked to brain aging. The purpose of the present
study was to examine if a commercially available nutraceutical supplement that may be neuroprotective and con-
tains phosphatidylserine, Ginkgo biloba, vitamin E, and pyridoxine could improve cognitive function in aged
beagles. Nine aged beagles were tested on performance on a delayed-non-matching-to-position task, which is a
neuropsychological test of short-term visuospatial memory. All subjects were tested on 5 baseline sessions; then,
to assess the supplement, a crossover design was used in which 1 group received the supplement and the other a
control substance in the Ist phase, with treatment conditions being reversed in the 2nd phase. Performance accuracy
was significantly improved in supplemented dogs compared with control dogs and the effect was long lasting.
These findings suggest that the nutraceutical supplement can improve memory in aged dogs.

Résumé — Amélioration de la performance de la mémoire a court terme chez des Beagle agés par un
supplément nutraceutique contenant de la phosphatidylsérine, du Ginkgo biloba, de la vitamine E et de la
pyridoxine. Les chiens 4gés démontrent un déclin cognitif qui est lié au vieillissement du cerveau. La présente
étude avait pour but d’examiner si un supplément nutraceutique disponible dans le commerce, qui peut fournir
une neuroprotection et contient de la phosphatidylsérine, du Ginkgo biloba, de la vitamine E et de la pyridoxine,
pourrait améliorer la fonction cognitive chez des Beagle 4gés. Neuf Beagle 4gés ont été évalués pour leur performance
lors d’une tiche d’appariement différé sans correspondance, qui est un test neuropsychologique de la mémoire
visuospatiale & court terme. Tous les sujets ont été testés en fonction de 5 séances de référence; puis, pour évaluer
le supplément, un schéma croisé a été utilisé selon lequel un groupe a regu le supplément et 'autre une substance
contrdlée dans la premiere phase, avec renversement des conditions de traitement dans la deuxiéme phase.
La performance a été significativement améliorée chez les chiens ayant pris le supplément comparativement aux
chiens témoins et U'effet a été de longue durée. Ces constatations suggérent que le supplément nutraceutique peut
améliorer la mémoire chez les chiens 4gés.

(Traduit par Isabelle Vallieres)
Can Vet ] 2008;49:379-385

Introduction

With increasing age, dogs develop a form of neurodegen-
erative disease, which has many similarities to age-related
cognitive impairment and Alzheimer’s disease in humans (1,2).
Diagnosing cognitive dysfunction syndrome (CDS) in the dog
is difficult, because it is primarily dependent on the pet owner
reporting signs in specific categories, including disorientation,

alterations in social interactions with owners or other pets,
alterations in sleep-wake cycles, appearance of house soiling or
changes in learned behaviors, and alterations in activity levels.
In 1 study that examined the prevalence of cognitive dysfunction
in 180 dogs aged 11 y and older with no underlying medical
problems, at least 1 category of clinical signs was reported by
28% of owners of dogs aged 11 to 12 y and 68% of owners of
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dogs aged 15 to 16 y (3). In another study, it was found that
when asked, 75% of owners of dogs over 7 y of age reported
1 or more signs, but only 12% of these owners reported the
signs spontaneously to their veterinarians (4). In a more recent
study of a population of 102 dogs aged 7 y and older, 27 of the
dogs experienced successful aging, 42 dogs had alterations in
1 category, and 33 dogs had signs in 2 or more categories (5).
Consequently, CDS represents a significant clinical therapeutic
target, but only 2 therapeutic agents, selegiline and a prescrip-
tion diet (Canine b/d; Hill’s Pet Nutrition, Topeka, Kansas,
USA), are approved in Canada and the USA.

In contrast to the clinical environment, neuropsychological
testing in the laboratory clearly reveals age differences in canine
learning and memory (6). These tests provide quantitative and
objective measures of cognitive function without relying on
subjective owner evaluations. Neuropsychological test results
indicate that learning and memory deficits in a test of short-
term working memory, the delayed-non-matching-to-position
(DNMP) task, can be identified in dogs as early as 6 y of age
(7), thereby indicating that the DNMP is particularly sensitive
to age. By contrast, clinical signs of cognitive dysfunction may
not be recognized by pet owners until 11 y of age or older (8,9).
Rather than relying on the subjective assessment of pet owners
in populations of clinically affected senior pets, neuropsycho-
logical tests can provide objective measurements of therapeutic
improvement by using a relatively small number of dogs.

Although the exact cause of cognitive dysfunction is not
known, several changes have been identified in the brains of
aging dogs and cats, including increased markers of oxidative
stress; reduced brain mass; increased ventricular size; meningeal
calcification; demyelination; glial changes; a reduction in neu-
rons; neuroaxonal degeneration; and an increase in apoptic bod-
ies, lipofuscin, and beta-amyloid (10-14). Neuropsychological
testing suggests that both oxidative damage and increased beta-
amyloid load in the canine brain are potential factors leading
to cognitive dysfunction (6,12,15,16). Recent studies in dogs
with cholinergic drugs also indicate that the early impairments
in DNMP is likely linked to age-dependent cholinergic dys-
function, which is also seen in humans (17,18). Because aging
is associated with several physiological changes, it is suggested
that a synergistic combination of ingredients, such as fatty acids,
essential minerals, vitamins, antioxidants, energetic cofactors,
and trophic nutrients, rather than monotherapy, may be ideally
suited to contribute to brain cell health and memory preserva-
tion (19-21). Because oxidative damage, in combination with
several other pathological events, accumulates with age in the
dog (2,6,12), this multimodal synergistic approach has become
a focus of therapeutic interventions in the dog (5,22-26).

The current study examined a proprietary nutraceutical
supplement (Senilife; Innovet Italia s.r.l., Milano, Italy) con-
taining phosphatidylserine, Ginkgo biloba, vitamin E, and
pyridoxine. The product is licensed in Italy for treatment of
pathophysiological brain aging of elderly cats and dogs and is
marketed as a neuroprotective nutritional supplement. In reports
of 3 recent clinical trials, it was stated that products containing
at least phosphatidylserine, or the specific proprietary supple-
ment mentioned above, improved clinical signs associated with
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Table 1. General design of the delayed-non-matching-to-position
(DNMP) testing schedule

Test procedure Test day
Baseline DNMP 1-5
Phase 1: Wash-in 6-65
Phase 1: DNMP testing 66-75
Phase 2: Wash-in 76-135
Phase 2: DNMP testing 136-145

CDS in client-owned pets (5,24-26); however, the effects on
cognition have not been investigated in a laboratory setting.
Consequently, we examined the effects of this nutraceutical
formula on memory performance of aged dogs by using the
DNMP, which is highly sensitive to age-associated impairment
(7), with the overall purpose of determining if this combination
could improve short-term memory and if neuropsychological
test protocols in screening interventions that modify cognitive
function were able to predict clinical outcomes.

Materials and methods
Subjects

Four male and 5 female beagles, ranging in age from 7 to 12.7 y
(mean = 8.2, 5, = 0.60 y), were used in this study, because,
previously, we have found that this age range demonstrates
deficits on the DNMP (7). All subjects were part of an aged
beagle colony (CanCog Technologies, Toronto, Ontario) that
had had previous experience on a variety of cognitive tests
and were healthy over the duration of the study. The subjects
were housed in pens approximately 1.5 X 4.9 m in groups of
4, based on compatibility, and were provided with toys for
enrichment. Daily food rations (Purina Pro Plan Chicken and
Rice; Nestle Purina, St. Louis, Missouri, USA) were provided
once daily in the morning for a half-hour period prior to test-
ing; water was available ad libitcum. Dogs were maintained on
a natural light-dark cycle. All procedures were approved by the
facility’s Animal Use and Care Committee and were compli-
ant with the guidelines of the Canadian Council on Animal
Care (27).

General design

The general design of the experiment is shown in Table 1. At
the start of the study, subjects were tested on 5 DNMP sessions.
The subjects then were divided into 2 groups, based primarily
on DNMP performance, which was done to avoid a perfor-
mance bias between the 2 groups, and secondarily on gender
and age to the extent possible. A blinded crossover design was
then used to examine the effects of the supplement. For the 1st
phase, 1 of the 2 groups received the supplement in a single
meatball (5 subjects), the other group (4 subjects) served as
control and received a single meatball without the supplement.
The subjects received their respective treatments over a 60-day
wash-in and for an additional 10 d on which they were tested
on the DNMPD for a total of 70 d on their respective treatment
conditions. For the 2nd phase, the groups were reversed, such
that the subjects that received a meatball with the supplement
during the Ist phase received a meatball without supplement
(control) in the 2nd phase and vice versa. In all other respects,
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the 2nd phase was identical to the 1st. The treatment length was
based roughly on the time course of a positive clinical outcome
that used the same supplement (5).

Administration of supplement

A single capsule of the supplement was administered per 5 kg
of body weight once daily and all capsules were administered
in a single meatball, such that an animal weighing between
5.01 kg and 10.00 kg received 2 capsules; an animal weigh-
ing between 10.01 kg and 15.00 kg received 3 capsules; and
an animal weighing between 15.01 kg and 20.00 kg received
4 capsules. Each capsule contained 25 mg of phosphatidyl-
serine (from GM-free soya), 50 mg of Ginkgo biloba extract
titrated in ginkgosides (24%), 20.5 mg of pyridoxine HCI
(vitamin B6), and 33.5 mg of d-alpha-tocopherol (natural
vitamin E). Control subjects received only a single meatball.
Subjects were weighed every 2 wk and the doses were adjusted
accordingly. All dosing occurred in the morning prior to any
cognitive testing.

Cognitive testing apparatus

A wooden chamber, previously described (28,29), was used for
cognitive testing. Vertical stainless steel bars covering the front
of the box provided access to a sliding plastic tray, which con-
tained 1 medial and 2 lateral food wells. The bars were adjust-
able, allowing the size of the openings to be individually set for
each dog. During the test trials, 1 or 2 wells were covered by
objects; in the present study, these consisted of yellow blocks.
Displacement of any object was considered a response choice.
The dogs and the tester were separated by a wooden screen,
which had a hinged door at the bottom, to allow presentation
of the sliding tray, and a 1-way mirror above, which allowed the
subject to view the dog. A 60-watt light, attached to the front of
the chamber, served as the only light source. For an illustration
of the apparatus see references 8 and 28.

Delayed-non-matching-to-position procedures

The DNMP is a test of short-term memory that is highly sen-
sitive to age and has been discussed and validated extensively
(6,7,17,22,30). In the variable form of the task, the delays vary
within a session to differentially tax short-term memory. All
subjects were previously trained on the task and were perform-
ing consistently (baseline performance) prior to the start of
the study. Each trial consisted of 2 phases. The initial sample
presentation consisted of placing a block in 1 of 3 spatial posi-
tions (left, middle, right). The subject was required to displace
the block to obtain a hidden food reward. The tray was then
removed from view and a delay was initiated. After the delay,
on the test phase, the tray was presented with 2 identical blocks
covering 2 spatial positions, 1 of which was the position used
during the sample phase. To obtain the food reward, the animal
was required to remember the location used in the sample phase
and displace the block at the other location. Thus, if the initial
sample was presented to the left location, and on the test phase,
blocks were at the left and right locations, the correct response
would be to displace the block at the right location. For each
test session, animals received 12 trials during a daily test session,
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separated by a 30-s interval, using delays of 20 and 90 s equally
within the test session. A correction procedure was used in
which the subject was allowed to correct its 1st incorrect choice
and receive the reward; on all subsequent errors, the subject was
not permitted to retrieve the reward.

Data analysis

Statistical analyses were conducted by using commercially avail-
able software (Statistica 6.0; StatSoft, Tulsa, Oklahoma, USA),
with significance set at 2 < 0.05. The data all passed the
Kolmogorov-Smirnov normality test, and, consequently, were
analyzed using parametric statistics. Initially, mean DNMP
performance was examined with a repeated-measures analysis of
variance (ANOVA), with test order (supplement-control versus
control-supplement) serving as a between-subject variable, and
with treatment (baseline versus control versus supplement) and
delay (20 s versus 90 s) serving as within-subject variables. The
data were analyzed subsequently by using a repeated-measures
ANOVA with test order as a between-subject variable and treat-
ment (control versus supplement), phase (sessions 1-5 versus
sessions 6-10), and delay (20 s versus 90 s) as within-subject
variables. Post-hoc tests consisted of ANOVA or Fisher’s least
significant difference.

Results

The initial analysis comparing mean performance at each
delay among baseline, control, and supplement treatment
revealed a significant effect of treatment (P = 0.020) and delay
(P < 0.001). Post-hoc Fisher’s least significant difference indi-
cated that performance in subjects receiving the supplement was
improved, compared with their baseline performance (P = 0.039)
(Figure 1). By contrast, the performance of subjects receiving
placebo (control group) did not differ from their baseline. The
main effect of delay was due to less accurate performance at the
90 s delay compared with the 20 s delay.

The analysis excluding baseline performance revealed a sig-
nificant effect of phase (P = 0.008), which was due to improved
performance in the 2nd group of 5 sessions compared with the
Ist group. Additionally, a significant interaction among treat-
ment, phase, and test order was noted (2 = 0.035). The origin
of this interaction was based on performance on the 2nd group
of 5 test sessions. Post-hoc Fisher’s least significant difference
indicated that subjects receiving the supplement following
crossover performed significantly better (P = 0.022) on the
supplement compared with their control performance in the
Ist phase of the crossover (Figure 2). By contrast, no differences
were found between control and treatment performance in the
group receiving the supplement in the 1st phase of the crossover,
indicating a maintained level of performance in those subjects.
To better clarify this effect, subjects that received the supplement
in the 1st phase of the study showed an increase in performance
accuracy compared with baseline that was maintained over the
2nd phase of the study (Figure 3). Subjects that received the
supplement in the 2nd phase of the study showed the largest
improvement on the 2nd phase of the study (Figure 4). Thus,
both groups showed the greatest increase in performance while
on the supplement.
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Figure 1. Mean performance across delays. Subject’s
performance was significantly more accurate on the supplement
(triangle) compared with the baseline (circle). No difference
between control (square) performance and other conditions were
found. The supplement contained phosphatidylserine, Ginkgo
biloba, vitamin E, and pyridoxine in a meatball. The control was
only a meatball and the baseline consisted of no treatment and
was used to group the dogs into 2 groups of similar DNMP
performance levels. Error bars represent standard error of the
mean.
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Figure 3. Mean performance accuracy over the 3 phases of the
study in subjects that received the supplement (phase 1) before
control (phase 2). Subjects receiving the supplement before
control showed an increase in performance accuracy compared
to baseline while under the supplement that was maintained
during control. The supplement contained phosphatidylserine,
Ginkgo biloba, vitamin E, and pyridoxine in a meatball. The
control was only a meatball. The 1st phase represents the
treatment provided before the crossover and the 2nd phase
represents the treatment conditions after crossover. Error bars
represent standard error of the mean.

Discussion

The present results indicate that a nutraceutical supplement
containing phosphatidylserine, Ginkgo biloba, vitamin E, and
pyridoxine improved canine short-term memory performance
when assessed by the DNMP. Increasing delay on the DNMP
resulted in lower performance due to increased memory demand,
which further supports the use of the DNMP in assessing canine
memory function. In the current study, subjects reached their
peak performance while on the supplement and their perfor-
mance was maintained after discontinuation over 70 d, which
suggests that the treatment may have long-term benefits. This
effect is consistent with the effects of phosphatidylserine in
humans (31,32), where beneficial effects may be present up to
12 wk after treatment is discontinued. The current and previous
studies did not address the pharmacokinetic to pharmacody-
namic relationship of the supplement ingredients. Consequently,
the beneficial long-term effect may be a result of either a direct
long-acting effect or an indirect carry over effect of cognition
enhancement in the previous test phase. Further research is
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Figure 2. Mean performance accuracy by treatment and
order. Subjects receiving control (black bars) followed by

the supplement (white bars) showed a significant increase

in performance accuracy over on the last 5 DNMP sessions.
By contrast, animals that received the supplement prior to
control did not show a significant increase in performance
despite the additional practice. The supplement contained
phosphatidylserine, Ginkgo biloba, vitamin E, and pyridoxine

in a meatball. The control was only a meatball. The 1st phase
represents the treatment provided before the crossover and the
2nd phase represents the treatment conditions after crossover.
Error bars represent standard error of the mean.
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Figure 4. Mean performance accuracy over the 3 phases of
the study in subjects that received the control (phase 1) before
supplement (phase 2). Subjects receiving the supplement

after control showed an increase in performance accuracy

only while on the supplement. The supplement contained
phosphatidylserine, Ginkgo biloba, vitamin E, and pyridoxine

in a meatball. The control was only a meatball. The 1st phase
represents the treatment provided before the crossover and the
2nd phase represents the treatment conditions after crossover.
Error bars represent standard error of mean.

required to determine the mechanism of action of this long-
term beneficial effect.

The absence of a difference between placebo and supple-
mented dogs over the course of this study was likely due to
the long lasting effect of the supplement in the subjects that
received the nutraceutical treatment in the 1st phase of the
study. Alternately, the high levels of performance during the
2nd phase of the study could also be attributed to a practice
effect. If this were the sole explanation, we would have expected
performance of both groups of subjects to improve in the
2nd phase of the study compared with the 1st, which was not
the case. By contrast, a short-term practice effect was found,
in that performance of both groups improved significantly
in the 2nd group of 5 sessions compared with the 1st group
of 5 sessions. This improvement was most dramatic when on
the treatment, which suggests that the nutraceutical may have
worked by improving animals’ ability to learn to remember.
Collectively, this supports the hypothesis that the effect on
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DNMP performance in the present study was due to treatment
and not a practice effect.

A major limitation of the present study was the treatment
duration (70 d), which may have provided only a limited abil-
ity to address the progressive nature of cognitive dysfunction or
possible neuroprotective effects of the treatment. To obviate this
difficulty, we selected a task in which dogs show deficits as early
as 6 y of age (7). In a longitudinal study examining the effects of
an antioxidant and mitochondrial cofactor enriched diet, a treat-
ment effect on the DNMP was not detected until the subjects
had been on the diet for 2 y (22), but that study differed from
the current study in 3 important aspects: 1) the subjects in the
present study were, on average, younger; older dogs have greater
levels of brain lesions and generally show greater impairment,
both of which may not be readily reversible; 2) the previous
study examined relearning of the DNMP at 10 s and DNMP
memory capacity, which may not be as robust as the variable-
delay paradigm used in the present study; and 3) nutraceuticals
can provide larger concentrations of active ingredients compared
with dietary supplementation, especially for ingredients that
are difficult to formulate into foods. Regardless, it is likely
that a larger effect would be evident with a larger sample or an
increased treatment duration, because both cognitive decline
and brain lesions are progressive and should result in increased
impairment in subjects under control conditions.

Although there is no direct correlation between the clinical
signs seen in pets and the findings of neuropsychological testing,
laboratory studies have documented differences in exploratory
behavior, social interactions, and activity between young dogs
and those that have learning or memory impairments in neu-
ropsychological testing (33). Overall activity is lowest in aged
unimpaired dogs compared with young dogs, but the most
severely impaired dogs are significantly more active and display
undirected and stereotypical patterns of behavior. Similarly,
young dogs interact with novel toys to a greater extent than aged
unimpaired dogs, age impaired dogs show the least interest. In a
test of social responsiveness to a passive human subject, young
dogs are more interactive than age unimpaired dogs, while age
impaired dogs show the lowest levels of interaction. Lastly, age
impaired dogs show disruption in day-night activity levels (34).
All of these, and particularly the last, may represent important
behavioral changes with clinical relevance. Both the previously
mentioned antioxidant enriched diet and the present nutraceuti-
cal treatment have been reported as resulting in improvement of
clinical signs associated with canine CDS (5,22-26,35), which
further supports the use of the laboratory canine cognitive model
in assessing interventions for dogs as well as humans (22,36).

The present study did not examine the mechanism of action
of the supplement, but previous research on the individual
components of the supplement suggests several possibilities.
Phosphatidylserine constitutes a major building block of the
cell membrane (37-40), stimulates acetylcholine release in the
cerebral cortex of elderly animals (39), modulates acetylcholin-
esterase activity in the synaptosome of the canine brain (37),
and inhibits the age-related loss of muscarinic receptors in the
rat brain (40). Ginkgo biloba stimulates several neurotransmit-
ters, including acetylcholine (41-49), exerts antioxidant effects
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(50,51), and may also protect against beta-amyloid lesions
(52,53). Pyridoxine, or vitamin B6, is reported to be a cofactor
in the synthesis of several neurotransmitters (serotonin, nora-
drenaline, dopamine) (54), and vitamin E is a potent antioxidant
(55). This combination may, therefore, be of particular benefit
to dogs, since cholinergic dysfunction (17,18), beta-amyloid
lesions (11,16), and increases in oxidative stress (12,56,57) are
all linked to age-related cognitive decline in dogs.

Consistent with the cognitive benefits in the current study,
supplementation with phosphatidylserine improves social inter-
actions, memory retrieval, and activity in humans and rodents
(54-63) and Ginkgo biloba may promote short-term retention of
spatial memory (63) and improve cognitive function in humans
(65,66) and aged animals (67). Vitamin E was a key ingredi-
ent in the above mentioned antioxidant enriched diet in dogs,
and blood levels of vitamin E were correlated with cognitive
improvement in canine neuropsychological tests (68). Although
the mechanism of action was not addressed in the present
study, we can speculate that the treatment may have acted in a
multimodal fashion by augmenting cholinergic transmission,
increasing antioxidant defense, and possibly reducing amyloid
lesions, all of which are known to be modified in canine aging
and likely contribute to CDS. The findings, therefore, support
the argument that combination interventions should be more
effective for treating CDS than single ingredients, because
they target several changes that occur with aging (22). The
results are also consistent with our previous studies examin-
ing the antioxidant enriched diet, in that some improvement
in cognitive function may occur soon after the treatment is
initiated (22).

Another possible limitation of the current study is that the
subjects may be younger than those that generally present with
CDS in the clinic. Consequently, supplementation of dogs in
this age range may not result in obvious and immediate benefits
to the pet owner. However, younger dogs (7 to 10 y) showed
greater improvement than older dogs (11 to 16 y) in a clinical
trial testing the supplement used in the current study (5,24,25).
In human clinical trials, phosphatidylserine improved cognition
in patients demonstrating mild cognitive impairment as well as
in those with Alzheimer’s disease (58,59). Given the progres-
sive nature of CDS (28), it is likely that prevention earlier in
the course of the disease, before the formation of pathological
lesions, would be most beneficial (69). Collectively, these and
the current results support the use of the supplement prior to
the onset of CDS.
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